Permaculture design in Fire-prone landscapes
Steve Burns (ASPDC April 2012)
Everyone is an expert – NO! 

Bushfires are emotive.
Media focus on the most extreme images and stories and talk about the houses burned, not the houses saved.
Many people – city and country – perpetuate myths based on anecdote, not science.
Fire behaviour is consistent and predictable, although underlying variables may not be (e.g. exact timing of wind changes) 

Most of the advice in this presentation is from
The Complete Australian Bushfire Safety Book 
by Joan Webster 
(Penguin, 1986 and subsequent editions)
All students are encouraged to buy their own copy and follow Joan’s advice.  Joan also has a website – you can buy direct from her. 

Understanding fire 

“Know your enemy”
The fire triangle: three essential requirements are needed for a fire to light or stay alight
· Heat
· Fuel
· Oxygen 

Fire behaviour variables 

Many variables impact on the behaviour of a specific fire, including vegetation, temperature, wind direction, wind speed,  relative humidity,  atmospheric instability, topography and slope.
Action question:
· How many of these can you control?
· How many of these can you impact? 

You can change EVERY one of the variables!
You ability to change some is admittedly minor, but local changes are possible so consider how you can work on each of them.
E.g. high impact possible in terms of vegetation by changing local plantings
…while only low impact possible in terms of overall wind direction, well placed windbreaks can have local impact. 

Impact of slope 

Speed of fire front doubles for each 10o of uphill slope and halves for each 10o of downhill slope
Are you safer uphill or downhill?
If a fire front was travelling at 10 kph and hits a 30o upslope, how fast will it move?
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Is your place fireprone? 
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Historical patterns 

· Black Thursday 1851
· Black Tuesday 1898                 Roughly 44 year
· Black Friday 1939                          cycle
· Ash Wednesday 1983
· Black Saturday 2009
In Victoria, less severe events in mid & late 20’s, 1943-4 and 1967-8. [Ref: Webster (1986)]
Future trends? 

CSIRO modelling finds that by 2020 (relative to 1990) the annual average number of days with “Extreme” fire rating increases by 5-25% for low rate of climate change. For high rate of climate change, increase is 15-65%.
By 2050, 10-50% for low and 100-300% for high climate change rate.
(Bushfires Royal Commission submission.002.031.0385 p 10) 
Local patterns 

Action question:
· Thinking about your place or the place you’d like to live, what are fire-relevant local patterns that would impact your designs?
  - Localised wind movements (gully, ridge)
  - Adjacent fuel (forest, suburbs, wetland)
  - Neighbours plantings or activities (native or exotic species, sheep or gorse in paddocks) 

Why be concerned? 
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Killer factors 

· Radiant heat: intense, concentrated heat spread radially from a source [death through heat stroke as body cooling fails]
· Dehydration: fluid output greater than input [death through kidney failure, following confusion, irritability, nauseau & sleepiness]
· Asphyxiation: 1) super-heated air swells throat, compresses windpipe 2) fine particles in smoke clog airways until unable to breathe [NOT lack of oxygen]
Quick myth busters re asphyxiation 

1. Oxygen is NOT sucked out of the air (if it was, the fire would go out!). Extreme fires use huge amounts of oxygen but more rushes into the area (this is how big fires create their own weather)
2. Carbon monoxide CAN be given off in fires, but isn’t an issue in open air bushfires as it is lighter than air and rises rapidly
3. Steam from super-heated hose water CAN burn air passages, so you need a mask 

Design strategies 

Sector planning & property layout
· Layout design tips
Passive defense:
· Location of buildings
· Design of buildings (inc refuges/bunkers)
Active defense:
· Emergency plans
· firefighting
Sector planning & property layout 

Identify fire risk sector in initial planning
Property layout:
· Bare ground/cut grass/driveway
· Bodies of water 
· Vegetable garden
· Radiant heat shields (brick wall, garage)
· Fire and wind breaks
· Fruit trees/evergreens/fire retardant species
· Distance to forest or flammable vegetation
Layout design tips 

Determine a Zone 0 & 1 area of protection, with home as centre, to provide a haven for people, pets & possessions.  Include stock in the area of protection, if possible.
Design protection from advancing fire front, radiant heat and ember attack.
Focus on fireward side, but plan for wind changes and slow leeward advance  
Layout design tips- windbreaks 

Windbreaks should be 3-5 rows ‘thick’ and include under-storey plantings to stop increased velocity as wind squeezes under lower branches of the break
Windbreaks reduce wind velocity for a distance of 5-10 x height in front and 15-30 x height on the lee
Windbreaks increase soil moisture up to 20% for as much as 25 x their height
Dense windbreaks give best protection for buildings, people and stock; permeable windbreaks give best protection for crops
Layout design tips 

Radiant heat shields include low hedges, earth mounds and solid walls.
Sheds, garages and workshops should be leeward of the house and well away in case flammable contents explode.  
Water supply must be within protection zone. Multiple water sources critical. Plastic pipes at least 400 mm underground.
Stock refuge yards: windbreaks on 2 sides, ploughed ground firebreaks 6 m wide, contain water source, accommodate all stock 

Firewood should be stacked in enclosed shed 20 m+ to the lee of the house with leeward opening door.
Never stack wood under trees 
Run main driveway (4 m+ wide) along contour, without sharp bends or dips, but with passing bays at 200m intervals if very long.  Encircle house with driveway loop or provide turning circle of at least 12.5 m for large fire vehicles.
Remove flammable vegetation from against walls or flammable fences. 

Vegetation design tips 

Species lists are available online – including Australian lists which identify suitable native species.
Plants with broad, fleshy leaves or high salt content burn less readily than those with fine hard leaves
The volatile oils in eucalypts (gums and tea tree) make them particularly dangerous
Plant form is also relevant – open or closed, low to ground or upright, smooth bark not rough bark
Optimum distances 

Open country/farmland > 10 m of cleared land between property and flammable crops/grass
Homes near bushland > 30-100 m of cleared ground under trees
Homes near dense bush > up to 300 m between buildings and bush
Homes on hillsides, ridges of tumultuous terrain > 

200-300 m litter clearing in all directions
Major firebreaks in all directions, not just fireward side
Defensive strategies 

House location 
Fire danger increases with:
· Orientation to firewinds
· Steep slopes
· Distance up a hillside or embankment
· Ruggedness of landscape
· Closeness to dense bushland 

· Exposure to large areas of dry grass or crop
· Lack of non-combustible barriers
· Density of flammable vegetation retained on site
· Narrow dead-end roads
· Smallness of site, long narrow site
· Lack of water
· Density of housing
House design 

A bushfire-resistant design needs to
· deflect winds
· keep out sparks
· discourage wind-whirls
· screen from radiated heat
· be strengthened against wind uplift
e.g. simple, squat design on flat land or set into slope 

House design summary 

Keeping sparks and embers out is the priority
Many fires start in the roof space which gets very hot (air 50o +) & full of super-heated dust
External cladding is not very important (consistent research from 1939 onwards)
Window protection is important: shutters or metal flywire (now mandatory)
House design 

Foundations: concrete slab eliminates risk of sub-floor ignition.  Raised sub-floors should be brick, concrete or stone (metal can weaken & collapse under sustained radiant heat)
Utilities run through floor space means no gaps in cavity walls through which sparks could enter.
Exterior wall design uncluttered to reduce wind eddies.
Posts in post and beam construction (e.g. mud brick houses) should be enclosed
Wall cavities should be insulated
Insulation: should meet “4 Zero” rating standard – it will not catch fire, spread flame, build up heat or develop smoke
Vents and cracks should be covered with metal flywire or filled with a fire-resistant gap mastic/silicon
Fascias, barges and eaves are safest when metal
Downpipes of metal are better than plastic
Decks: timber catches sparks and can light from below. If possible, use paving, brick or cement  

Exterior doors should be solid core with minimum 30 minute fire rating. Fit draught strips all around to stop ember entrance.  Fit full all-metal flyscreen door.  Pet holes must be sealable with metal covers.
Interior doors should be draught-proofed to close off individual rooms and restrict fire advance
Chimneys and fireplaces need internal dampers, spark arresters and bronze flywire on chimney top.  
Fireplaces need tight-fitting metal screen across face.
Windows: if timber, paint & keep smooth. Metal frames can warp but won’t burn. Sills safest if brick or masonry and well sloped.
Window glass can shatter in intense heat, no matter its material strength. (toughened laminated glass shattered on Ash Wednesday). External fly screens on all window faces (inc non-opening) will protect from sparks not debris or radiant heat. Shutters will protect from all.
Do not fit skylights in fire-prone areas.
Meter box should be metal
External wall cupboard on leeward side of house to contain firefighting equipment
Furnishings can char and die out (wool, leather) or burst into flames (cotton, linen, some synthetic materials). Consider both covering material and padding.
Sprinkler systems can be cheap (sacrificial plastic) or very expensive (copper). Pumps can’t rely on mains.
Houses don’t explode! 

Bunker or refuge room? 


Bunker is an external refuge

Refuge room is within the house
Neither are designed for long-term occupancy.  The only ‘approved’ bunker is approved for one hour.
Webster discourages bunkers but encourages a safe refuge room within the house.  Alternative to evacuation for children or elderly who cannot defend and place of retreat for defenders as fire front hits.
“It is not the answer to bushfire safety, but the answer to the evacuation paradox” (Webster p 121)
Refuge room 

Refuge room should have:
· Strong construction of low flammability materials
· A water supply, preferably a permanent reserve water supply with hose permanently attached to reserve tap
· Small window, reinforced with wire mesh or fitted with internally operated shutter
· Means of viewing fire progress (window or spyglass)
· Outer door leading to non-flammable cleared area with radiant heat shields
· Inner & outer doors either solid core timber or insulated and reinforced with layer of heavy cement sheet between two timber layers
· Ceiling of concrete, or timber ceiling joists lined above and below with double layered ‘fire stop’ plaster with 100 mm square mesh reinforcing attached to joists
· Concrete floor or timber floor insulated from below
· Manhole in ceiling if roof is directly above
Bunker 

Bunker is an external, underground shelter, best located to the leeward side of the house.
(In the 1939 fires, some timber mill workers survived in crude dug outs with timber roofs)
Bunkers should NOT be furnished or have windows.
Ventilation must avoid draughts, smoke and spark entry
A normal cellar is NOT a safe bushfire retreat (flooring collapse into cellar would kill occupants).  An existing cellar could be reinforced with a concrete ceiling.
Bunker features 

· Concrete or other material to ensure long term structural integrity (not timber & corrugated iron)
· Clear of trees or structures which could fall on it
· Door protected from radiant heat on multiple sides
· Possible connection to the house via sheltered path
Commercial bunkers are now available… 
Active defense 

· Stay or go?
· If you evacuate, how often do you do it – and where do you go?
· If you stay, how do you defend your property?
· See CFA FireReady Kit – free online
· PLAN & REHEARSE your plans 

Does defending work? 
	House defended by…                      
	Survival rate

	No-one                                                  
	30%

	Passersby/neighbours                         
	44%

	One householder                                  
	82%

	One or more 10 yrs old+                      
	90%

	3- 4 people
	100%


[Mt Macedon fires, 1983. Melbourne University and National Centre for Rural Fire Research] 

Personal survival kit 

· Clothes
· Thick wool blanket (big enough to cover you)
· Goggles (side protection + demisting vents)
· Bottle of artificial tears
· Smoke mask or Water for damping face cover 
· UV cream, zinc cream or reflective skin cream
· First aid kit
Have a survival kit for each family member 

Clothing 

· Cover whole body (head, face, back of neck)
· Comfortable, loose-fitting – NOT tight
· Wool is best – fire retardant and insulating.
· Cotton will burn but thick cotton OK
· Strong hat able to be tied on (due to winds)
· Pure wool or cotton balaclava
· Boots with heat resistant soles (no hobnails or steelcaps which can burn feet)
· Strong non-plastic gloves
Fighting a fire 

Needs people and water … should be part of a plan and well prepared for…
Assume all utilities will be cut off.
Have (multiple) reserve water supplies – preferably gravity fed
Sprinkler systems need 22 – 25,000 litres reserve; may need to run system for three hours from first ember attack until after fire front has passed.
Pumps: diesel better at high temperature (petrol in carburetor evaporates in heat)
Buckets should be metal & two per station (one being used while the other is refilled)
Have a written plan 

CFA research shows 75% of people in high bushfire risk areas don’t have a written plan.
Anticipate a range of scenarios and brainstorm with friends and family (remember pets/stock)
Even if your plan is to evacuate every time, you might one day be unable to do so – what is your Plan B?
cfa.gov.vic.au 
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